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1TE3 PRODUCTION OF CATARACT
The terra cataract, usually applied to a waterfall,
by a transfer of meaning has corae to be applied, to a disease
of the eye in which the crystalline lens becomes opaque and
forms an apparent grating over the pupil.
FIGS. 1 AND 2—LONGITUDINAL SECTION OF THE EYE
—
NORMAL AND CATARACTOUS
Fig. 1 represents a longitudinal section of the
normal eye. Fig. 2 shov/s a similar section of the eye, but
represents the condition known as cataract. It may be seen
that these two photographs differ only in that the crystal-
line lens in Fig. 1 is transparent while that in Fig. 2 is
opaque or cataractous.
The radiation from a glass blower's furnace is com-
paratively rich in ultra-violet as well as in red and infra-
red. The ordinary daylight in the tropics is also rich in
ultra-violet. The fact that cataract is of frequent occur-
rence among glass blowers and among people living in the
tropics^ suggested that there might be some relation between

2this disease and radiant energy. It is known that cataract
is of frequent occurrence among diabetics. This suggested
that there might be some relation between cataract and nutri-
tional disturbance. From the analyses of several thousand
human cataractous lenses both from the United States and from
India Burge 2 found that there is a great increase over the
normal in the amounts of certain salts. In human cataractous
lenses the percentage of potassium in the ash is greatly re-
duced, while the percentage of magnesium, calcium, and sodium
is greatly increased over the amounts existing in the normal
lens. In cataractous lenses obtained from the United States
there was no indication of silicate, while those from India
contained distinct amounts of the silicates of calcium, potas-
sium, and possibly sodium.
I. Experiments were carried out to determine what
strengths of solutions of salts found increased in cataractous
lenses were necessary to render isolated lenses opaque or
cataractous when immersed in these solutions . for 20 hours.
Table I
Lenses Solutions Effects
Ox, Pig, dog, frog 0.8$ Ca01 2 No opacity
Ox, Pig, dog, frog 2.0$ OaOlg Cortical opacity
Ox, Pig, d-og, frog 0.8$ MgOlg No opacity
Ox, Pig, dog, frog 2.0$ MgOlg Cortical opacity
Ox, Pig, frog 0.8$ NaCl No opacity
Ox, Pig, frog 2.0$ NaCl Cortical opacity

Table I Continued
lenses Solutions Effects
Ox, pig, frog 3.0$ NaCl Cortical opacity
Ox, pig, dog, frog 1.0$ KOI No opacity
Ox, pig, dog, frog 3.0^ EC1 Nuclear opacity
Ox, pig, frog 0.5^ MgS04 No opacity
Ox, pig, frog 3.0^ MgSo4 No opacity
Ox, pig, frog 0.5$ K2S04 No o-oacity
Ox, pig, frog 4,0$ K2So4 No opacity
Ox, pig, frog 0.5$ lTa gSo4 No opacity
Ox, pig, frog 3.0$ ITa gSo4 No opacity
Ox, pig, frog 0.5^ Na2Po4 No opacity
Ox, pig, frog 2.0< Na2Po4 No opacity
Ox, pig, frog 0.05$ Nag Sio 3 No opacity
Ox, pig, frog 0.2^ Na 2Si03 Cortical opacity
Frog 0.8^ Dextrose No opacity
Frog 2.0^ Dextrose Cortical opacity
Prog 0.8$ Galactose No opacity
Prog 2.0^ Galactose Cortical opacity
Prog 0.8$ levulose No opacity
Prog 2.0^ levulose Cortical opacity
Prog 0.8$ Maltose No opacity
Prog 2.0$ Maltose Cortical opacity
Prog 0.8^ Laotose No opacity
Prog 2.0$ laotose Cortical opacity
Prog 0.8^ Sucrose No opacity
Prog
Prog
1.0$ Sucrose
2.0^ Sucrose
Slight cortical
opacity
Cortical opacity

4In Table I it may be seen that 0.8^ solutions of
the chlorides of oalcium, magnesium, sodium, and potassium;
dextrose, galactose, levulose, maltose, lactose, and sucrose
did not produce opacity of the lenses, while a two percent
solution of the same substances produced opacity. The
potassium chloride produced nuclear opacity, while the chlor-
ides of calcium, magnesium, and sodium; dextrose, galactose,
levulose, maltose, lactose and sucrose produced cortical opa-
city. It may be seen also that none of the sulphates used,
as well as 0.05^ solution of sodium silicate affected the
transparency of the lens, whereas a 0.5^ of sodium silicate
produced cortical opacity.
II. The effect on the transparency of the lens of
the chlorides of calcium, magnesium, sodium, and potassium
injected into the anterior chamber of the eye of frogs.
Five drops of 3.0$ solutions of the chlorides of
calcium, magnesium, sodium and potassium respectively were
injected into the anterior chamber of one of the eyes of each
of four etherized frogs. The frogs were then placed in a
vessel in which there was running tap water.
At the end of twenty-four hours the lenses of the
eyes injected with the chlorides of calcium, magnesium, and
sodium showed slight opacity, and in three days the entire
lenses were opaque. At the end of twenty- four hours the
lenses of the eyes injected with the potassium chloride solu-
tion showed slight opacity and after three days nuclear opa-
city. These frogs were kept alive six months and at the end

5of this time the lenses were still opaque.
III. The effect on the transparency of the lenses
of frogs living partially immersed in the chlorides of calcium,
magnesium, sodium, in sodium silicate and in dextrose.
It was found that the frogs lived partially immersed
in 0.8$ solutions of the chlorides of calcium, magnesium, so-
dium, and potassium; and in dextrose about as well as they
lived in tap water. The frogs kept in an 0.8$ solution of
sodium silicate died in a few days. No opacity of the lenses
was observed at the time of the death of these frogs. Frogs
placed in a 1.5$ solution of the chlorides of calcium, magne-
sium, sodium, and potassium respectively would live not longer
than forty-eight hours. No opacity of the lenses was observed
in any of these frogs during this time. Frogs placed in a
4.0$ solution of dextrose lived about forty-eight hours but
in no case was there any indication of opacity of the lenses.
IV. The effect of the radiation from a quartz mer-
cury vapor lamp on fluorescent and non- fluorescent bacteria.
Schanz and Stockhausen^ found that the lens possess-
es the power to absorb short wave lengths of the spectrum and
radiate these absorbed wave lengths in the form of longer
waves, that is, it fluoresces. Burge4 found that lens pro-
tein is very difficult to coagulate by means of ultra-violet,
whereas ordinary proteins such as serum globulin, serum albumen,
egg globulin, egg albumen, etc., are comparatively easy to
coagulate. The resistance of the lens protein to the effect
of ultra-violet is explained on the assumption that by fluor-

6esoence the lens protein disposes of more or less of the
energy resulting from the absorption of the short waves, where
as this energy is spent in coagulating the non- fluorescent pro
teins
•
The faot that those salts which are found to he
greatly increased in cataractous lenses render the lens pro-
tein easily precipitable by ultra-violet and at the same time
decrease the fluorescence would seem to lend supuort to this
hypothesis. Further support for this hypothesis was sought
by determining whether or not fluorescent bacteria are more
resistant to ultra-violet than non- fluorescent bacteria.
A Cooper-Hewitt quartz mercury vapor lamp operating
at 170 volts, 3.3 amperes and E400 candle power was used as a
source for the ultra-violet. The fluorescent bacteria 'selec-
ted with the exception of B.pyocyaneus were numbered 1, 2, 3,
4, 5, 6, and 7 because the State Water Survey department from
which the fluorescent bacteria were obtained was unable at
this time to name the bacteria. The '<7ater Survey obtained
the fluorescent bacteria from samples of water sent for exam-
ination from different parts of Illinois. The non- fluores-
cent bacteria used were B. coli communis, B. violaceus,
B. proteus vulgaris, B. subtilis, sarcina aurantiaca, micrococ
cus , capsulatus , and B.mucosus capsulatus
.
Two cc. of a perfectly clear 0.8^ sodiiim chloride
solution containing the bacteria to be exposed were introduced
into each of eleven quartz tubes. These tubes were exposed
to the radiation at a distance of thirty cm. from the quartz

7"burner. At intervals of twenty seconds a tube was removed.
In this manner tubes containing bacteria were obtained which
had been exposed 0, 20, 40, 60, 80, 100, ISO, 140, 160, 180,
200 seconds respectively. The contents of the tubes were
plated with agar and incubated at a temperature of 37° for
forty-eight hours. At the end of this time the bacteria were
counted according to the usual bacteriological method. The
method of procedure for all the types of bacteria was the same.
The results of these counts are given in Tables II and III.
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Table II. Fluorescent Bacteria
Time of
exposure
Number of Number of
bacteria bacteria
No.l. No. 2
Number of
bacteria
No.
3
Number of
bacteria
No. 4
Number of Number of Number of
bacteria bacteria bacteria
No
. 5 No . 6 No . 7
Number of
bacillus
pyocyaneus
Sec
.
72, 000,000 80,000,000 28 ,000,000 70,000,000 75,000,000 33,000,000 25,000,000 79,000,000
20
40
60
n
it
— —
—
_
It 750 813 55
— — — —
— _ —
21C 460 12 361 88
80 tt 459 623 29 79 211 10 112 20
100 it 223 221 25 56 • 113 7 18 14
120 tt 128 102 20 29 103 5 8 12
140 tt 97 88 15 18 56 4 6 8
160 tt 81 73 12 12 38 3 6 2
180 tt 43 29 10 6 25 3 5 1
200 tt 31 15 3 3 11 2 4 1
Table III. Non- fluor es cent Bacteria
Time of
exposure
Number of
B. Subtilis
Number of
B.Mucosus
capsulatus
Number of
B.Proteus
vul gar is
Number of
B.Violaceus
Number of
Micrococcus
capsulatus
Number of
B.Coli
communis
Number of
Sarcina
aurantiaca
Sec
.
13,000,000 24,000,000 295,000,000 27,000,000 28,000,000 28,000,000 195,000,000
20
40
60
tt
tt
it 13 460 2,480 83 171 378 4 ,820
80 tt 7 112 79 60 4 9 60
100 7 107 71 20 2 1 10
120 tt 6 8 4 5 2 2
140 it 4 6 2 4 1 1
160 t» 2 5 2 1
180 1 1
200 it
9It may "be seen in Table II that none of the cultures
of fluorescent bacteria were completely killed after an ex-
posure of two hundred seconds to ultra-violet, and in Table III
that none of the non-fluorescent bacteria were alive after an
exposure for a similar length of time.
The results of these counts are also expressed in
the curves in Figures 3, 4, 5, 6, 7, 8, and 9. The unit of
the ordinate scale is 1 cm. to 100 bacteria, that of the ab-
scissa 1 cm. to 20 seconds. Each curve marked 'IP is plotted
to a scale whose ordinate is 10 times as great as that marked
'M 1 . The continuous line in each of the curves indicates the
curve for the fluorescent bacteria, the broken line that of
the non- fluorescent bacteria with the exception of B.pyocyaneus
.
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Fluorescent bacteria No. 1
Hon- fluorescent B.subtilis (two days old)
Hon- fluorescent B.subtilis (two weeks old)
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Fluorescent bacteria No. 2
B.mucosus capsulatus

B. protens vulgaris
B.violaceus
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fluorescent bacteria No. 6
Micrococcus capsulatus

Fluorescent "bacteria ITo. 7
B.coli communis
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From the curves in the figures it may be seen that
the fluorescent bacteria as well as the non- fluorescent are
destroyed by exposure to ultra-violet, but that the non- flu-
orescent are destroyed more rapidly than the fluorescent.
Conclusion
I. A 2.0$ solution of dextrose, levulose, galac-
tose, lactose, maltose, sucrose; the chlorides of calcium,
magnesium, or of sodium renders the cortex of the immersed
lens opaque; while a 3.0$ solution of the chloride of potas-
sium renders the nucleus opaque.
II. A 3.0$ solution of the chlorides of calcium,
magnesium, or of sodium injected into the anterior chamber
of the eye of a frog produces cortical opacity, a 3.0$ solu-
tion of the chloride of potassium nuclear opacity.
III. The transparency of the lens of frogs was not
affected while living partially immersed for six months in
0.8$ solution of the chlorides of calcium, magnesium, sodium,
or of potassium; or in a 0.05$ solution of sodium silicate; or
in a 3.0$ solution of dextrose.
IV. Fluorescent bacteria are more resistant to the
action of ultra-violet than non- fluorescent bacteria.
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